Introduction
Medical textiles represent a significant type of technical textile as well as all those products that contribute to people's health, protect against infections and diseases, and offer external support for healing wounds and substitute unhealthy tissue and organs. Owing to the increasing microbiologically induced diseases and infections, medical textiles represent one of the fastest growing areas in the textile sector today [1] . Under appropriate humidity and temperature conditions, medical textiles act as an excellent basis for the growth of bacteria and fungi, cellulose fibers are more sensitive to fungi, while protein fibers are more sensitive to the influence of bacteria [2] [3] [4] . Treatment in hospital must provide secure high-level protection to patients and staff and must include measures for appropriate use of medical textiles [5] . Disposable medical textiles create ecological problems when discarded. This is one of the reasons why multiuse medical textiles are more popular. All multiuse medical textiles are sent to hospital launderettes. To secure their usability in demanding areas, such as medicine and healthcare, multiuse medical textiles must meet a combination of criteria: raw material content, thickness, strength, and permeability to air, steam, and microorganisms. Used medical textiles contain different types of pathogenic microorganisms of various origin and bodily fluids. Therefore, it is crucial that the washing procedure provides appropriate cleaning and disinfection [6] . During washing and sterilization of multiuse textile materials, antimicrobial treatments have to be effective enough to kill the causative agent [7] . Textile materials are not resistant to the activities of microorganism, which is why various antibacterial finishes and disinfectants were developed. Unfortunately, strong antimicrobial substances can be hazardous to the environment. Moreover, they can also have a negative effect on the properties of the textile fibers and textile products so their lifespan is shortened, and they often have to be replaced for this reason [8] . The following work will discuss how and to what extent the physical, chemical, and morphological properties of medical textiles are influenced by washing and sterilization.
Experimental
This work investigates the resistance of multiuse materials to consecutive washing and sterilization. The washing and sterilization procedures processes were conducted in the specialized launderette of the Clinical-Hospital Center Zagreb, Rebro. The medical textiles were washed in a continuous washing machine (JENSEN brand) according to a specifically defined procedure ( Table 1 ).
The samples were sterilized in the hospital steam sterilizer Selectomat PL MMM (Münchener Medizin Mechanik) with hot water steam at 134°C and under a pressure of 2.5 bar in a time span of five minutes. 50/50, Tencel®, and three-layer textile laminate used in operation theatres, for uniforms of health workers, and for material packaging in sterilization.
Tencel® showed good antimicrobial properties because of its absorption of moisture on the surface of the textile material. The advantage of Tencel® is its high strength when wet and its dimension stability to washing. Its disadvantage is fibrillation of fibers during use. Three-layer textile laminates consist of two layers of polyester knits with a polyurethane membrane in between.
Methods
The paper investigates the effect of change in physicochemical properties of multiple fabrics during washing and sterilization processes. Surface mass (ISO 3801), yarn count (ISO 2060), fabric thickness (ISO 5084:1996) , density (ISO 7211-2), air permeability (EN ISO 9237:2003), and breaking strength and breaking elongation (ISO 13934-1:2013) were tested in compliance with ISO standards (Table 2) [9] [10] [11] [12] [13] [14] .
Tensile strength tester (Tensolab Mesdan S.P.A., Brescia, Italy) was used for evaluating the mechanical properties of the initial, washed, and sterilized samples after 0, 1, 10, 20, 30, and 50 washing and sterilization cycles (W+S) according to the standard EN ISO 13934-1. Air permeability (R) was measured in compliance with EN ISO 9237 using an MO21S (5 cm 2 , 100 Pa) test.
Thermal analyses of the materials were performed in a flowing synthetic air atmosphere (30 % oxygen; flow rate of 90 ml/ min) using a Perkin Elmer analyzer controlled by a PC system. Thermogravimetric (TG) analysis of the samples was obtained from 20 50 to 800°C in air at a heating rate of 30 10°C/cm. Prior to thermal analysis, the fabrics were cut into small pieces with an average weight of about 1 mg, whereas the analyzed samples weighed approximately 5 mg. The samples were analyzed by ATR-IR spectroscopy using a FT-IR spectrometer (PerkinElmer, software Spectrum 100). Four scans at a resolution of 4 cm −1 were recorded for each sample between 4000 cm −1 and 400 cm −1 . Scanning electron microscopy (SEM; Mira II LMU, Tescan) was used to characterize the surface morphology of fibers. For SEM studies, the samples were mounted on stubs and coated with a conductive Ag/Pt and scanned under the conditions of high voltage (HV 10.00 kV).
Results and discussion
Construction parameters of medical textiles were determined after multiple washing and sterilization processes. The regression and correlation analyses were performed to determine the statistical dependence and its intensity. There was a negative correlation, meaning that an increase in one variable accompanied the decrease in the other and vice versa (Figures 2 and 3) . The thickness of the medical textile was measured in 10 different areas of the sample at a pressure of 100 Pa (A = 5 cm 2 , F = 500 cN) (Figure 1 ).
Breaking strength and breaking elongation in compliance with EN ISO 13934-1 with a 100-mm long tube and elongation speed rate of 100 mm/min are shown in Figure 2 .
After 50 washing and sterilization cycles, the properties of the medical textile were changed, that is, the thickness slightly increased; the breaking strength decreased, especially in the case of cotton/PES (Sample 1) and Tencel® (Sample 2); and the breaking elongation slightly decreased. This is the result of shrinkage and mechanical damage to the material (mainly of a cellulosic component) during the washing and sterilization processes.
The air permeability of the Cotton/PES and Tencel® blend also decreases, which is closely linked to the dimensional changes and the resulting damage during the washing process. In Morphological characterization of multiuse medical textiles was conducted using an SEM on a sample before (unwashed) and after 50 washing and sterilization procedures cycles, and it is shown in Figures 4-6. The results of morphological characterization show that after 50 washing and sterilization cycles, insignificant changes occur on the three-layer textile laminate PES/PU/PES ( Figure 6 ). The cotton/PES 50/50 samples show an increase in fibrillation, and the degradation of cotton is visible after 50 washing and sterilization procedures cycles (Figure 4 ). In the case of Tencel®, the increased number of washing and sterilization cycle resulted Yarns from the cotton/PES sample blend did not show any significant changes before or after 50 washing and sterilization procedures cycles, except for a peak that disappeared in the area of the wavenumber 1259.61 cm −1 resulting from asymmetric stretching of bonds in C-C-O [15] . This may be a consequence of material damage or bond coverage (Figure 7) . The yarns in Figure 7 show only one alteration in Tencel® fabric that was washed for 50 times in the area of the wavenumber 2845 cm −1 , which corresponds to the changes occurring as a result of symmetric stretching within CH 2 , pointing to the partial degradation of the cellulosic polymer after 50 washing and sterilization cycles [10] [16] . FT-IR results clearly show that no physicochemical changes occurred in the structure of the laminated material (PES/PU/PES). The changes in the mass of the medical textiles as a function of temperature were monitored by TG analysis. The major DTG (first derivation of the TG curve) value of the cotton/PES, Tencel®, and PES/PU/PES samples before and after washing is shown in Table 3 . There are no significant changes relating to the thermal stability of the material after conducting 50 washing and sterilization cycles. After executing TG sample analysis, to 0.525 %, remains and it is reduced slightly to 0.414 % after conducting 50 washing and sterilization cycles.
CONCLUSIONS
Changes in the physicochemical properties of the samples of medical textiles after consecutive washing and sterilization processes in real hospital conditions were observed. Morphological characterization established changes in the surface of the cotton/PES and Tencel® samples, with fibrillation exhibited typical in the cellulose component. However, the PES/ PU/PES laminate appears to remain unchanged and remains consistent during the washing and sterilization processes. FT-IR and TG analyses of the samples, before and after 50 washing and sterilization cycles, did not register any significant changes in the physicochemical properties of the tested medical textiles. However, it is evident that the washing and sterilization cycles processes affected the cellulose component of the material.
The conclusion of the conducted research on the changes in the properties of multiuse medical textiles (Cotton/PES, Tencel® and three-layer PES/PU/PES textile laminate) in real
The cotton/PES material undergoes thermal decomposition in three stages. The first stage of the dynamic decomposition occurs at 359°C, the second at 448°C, and the third at 565°C. Visible changes appear after 50 washing and sterilization cycles, pointing to the decreased thermal stability of the material, which could be caused by mechanical damage during washing procedure. The remainder of the damage that occurs after the TG analysis of the sample totals 0.525%. However, it is reduced to 0.131% after 50 washing and sterilization cycles. The first derivation of the Tencel® samples shows that the sample disintegrates in three stages. The first stage of the dynamic decomposition occurs at 317°C. In the second stage, at the temperature of 435.40°C, the dynamic loss of mass is the fastest (6.744 % per minute). The complete disintegration of the sample is visible at 525°C where the charred residue totals 0.394 % and remains unchanged even at 800°C. After 50 washing and sterilization cycles, the thermal stability of Tencel® samples slightly changes. The sample is completely decomposed at 585°C. Smaller changes in thermal stability could be caused by the effect of the cleaning agent on the cellulosic regenerate. After the washing and sterilization processes, 0.010% remains pointing to an almost complete thermal decomposition. The results obtained from the DTG curve shows that the PES/PU/PES material is thermally decomposed in two stages. The first stage of the dynamic decomposition occurs at 430.98°C and the second at 558°C. 
